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The discovery of Early Jurassic volcanic rocks along the Southern
Lancangjiang tectonic magmatic belt in southwest Yunnan, with a discussion on
the upper limit of Indosinian tectonic cycles in Yunnan Province

LU Liuyan'?, LI Jing"’, ZENG Wentao®, YU Saiying’, SUN Zaibo’ , WANG Xiaofeng’

(1. Kunming University of Science and Technology, Kunming 650093, Yunnan, China; 2. Guizhou Institute of Geological Survey,
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Abstract: The ages of rhyodacite in Jiangqiao—Nalan area of Pu'er City was determined by utilization of zircon—LA—ICP—MS in
south Lancangjiang zone, and the result of U—Pb dating yielded (196.74+2.3)Ma and (198.1+3.5)Ma, which indicates that rhyolite in
this area was formed in early Jurassic instead of in Late Triassic. The data fill in the record of volcanic—sedimentary activity in
Jurassic's geological history. The analysis of the major elements, REE and trace elements of rocks shows that the volcanic rocks of
lower Jurassic in South Lancangjiang zone were formed under the extensional tectonic background after collision, and were

probably related to the subducted lithosphere plates or orogenic belt of Yamane delamination, and that they occurred after the closure
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of the western side of the Changning — Menglian Paleo—Tethyan oceanic basin, thus belonging to the products of lava. The features
of lower Cretaceous in this area were typically associated with the POG (post—orogenic granite) or A, granite. These data constrain
the final time of Indosinian cycle. The granite has the feature of post—orogenic granite or "A" type granite, and it indicates the

termination time of Indo—Chinese cycle in southwestern Yunnan.

Key words: southwestern Yunnan; South Lancangjiang zone; rhyolite; U—Pb age; geochemistry; tectonic environment; geological
survey engineering
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Fig.1 The tectonic location (a), Mesozoic igneous rock distribution in Sanjiang area, western Yunnan (b), simplified geological map
and sampling position (c)
1—Huakaizuo Group; 2—Manghuihe Group second member; 3—Manghuihe Group first member; 4—Xiaodingxi Group; 5—Xiapotou Group;
6—Dawazi Group; 7—Longdonghe Group; 8—Tuanliangzi Group; 9—Metamorphic zone; 10—granite; 11-T2 Volcanic rock; 12—T3 Volcanic rock;
13—Large thrust fault zone between blocks; 14—Normal faults in tensioned basins; 15—Block rotation direction; 16—Fault zone; 17—Fault;
18—Angular misalignment; 19—Parallel unconformity; 20—Lancang River;
21-Profile position; 22—Sampling position and number
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Fig.2 Field photo and geological schematic section for rhyolite in Jiangqiao area
1—Parallel unconformity; 2—Angular misalignment; 3—Serenite phyllite; 4— Argillaceous siltstone; 5—Silty mudstone; 6— Graywacke; 7—Quartz
fine—grained rock; 8— Rhyolite; 9—Dacite rhyolite; 10— Stomata; 11—Age sample position and label; 12—Sampling position
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Table 1 The data and results of zircon U—Pb dating
H”D”%& Th10°  U/10° R el gu?b/sz Th/U
W55 25 *Pb/ U lo Pb/ U lo **Pb/*Th lo S/ Ma

01 211 226 0.23001 0.02308 0.03260 0.00150 0.01167 0.00072 2079  0.93

02 320 282 0.22806 0.01709 0.03238 0.00067 0.01048 0.00047 205+4  1.13

03 197 210 0.19694 0.03339 0.03102 0.00065 0.01003 0.00086 197+4  0.94

04 162 188 0.22201 0.02092 0.03085 0.00078 0.00945 0.00048 196+5  0.86

05 159 175 0.20366 0.01710 0.03026 0.00063 0.01006 0.00045 19244  0.91

06 101 137 0.22121 0.01900 0.03175 0.00095 0.00988 0.00068 201+6  0.74

07 209 228 0.21279 0.01536 0.03063 0.00056 0.01013 0.00039 194+4  0.92

08 252 238 0.26897 0.01494 0.03166 0.00044 0.00978 0.00035 201+3  1.06

D1789 09 228 234 0.23079 0.02152 0.03141 0.00073 0.00965 0.00050 199+5  0.97
10 130 156 0.25252 0.02377 0.03148 0.00082 0.01116 0.00070  200+5  0.83

11 123 174 0.18576 0.01910 0.02774 0.00098 0.00986 0.00071 1766  0.71

12 231 251 0.23761 0.01831 0.02974 0.00075 0.01075 0.00046  189+5  0.92

13 218 215 0.21186 0.01138 0.03014 0.00056 0.00943 0.00035 191+3  1.01

14 192 202 0.22395 0.01569 0.03227 0.00058 0.00963 0.00039 205+4  0.95

15 100 130 0.24979 0.02076 0.03492 0.00111 0.01033 0.00077 221+7  0.77

16 185 205 0.20576 0.01349 0.03027 0.00049 0.01017 0.00032 192+3  0.90

17 204 210 0.23876 0.01251 0.03093 0.00047 0.00942 0.00032 196+3  0.97

01 237 215 0.25381 0.03776 0.03228 0.00108 0.00988 0.00073  205+7 1.11

02 109 132 0.29060 0.01966 0.03150 0.00066 0.01037 0.00056 200+4  0.82

03 108 123 0.24663 0.03933 0.03419 0.00148 0.01073 0.00059 2179  0.88

04 191 219 0.25394 0.02928 0.03152 0.00060 0.00977 0.00022 200+4  0.87

05 119 143 0.20340 0.03468 0.02803 0.00099 0.01060 0.00092 178+6  0.83

06 384 371 0.22319 0.02710 0.03122 0.00093 0.01034 0.00066 198+6  1.03

07 139 161 0.20624 0.02426 0.03001 0.00144 0.00984 0.00084 1919  0.86

D1795 08 97.6 116 0.33794 0.02595 0.03048 0.00070 0.01061 0.00059 194+4  0.84
09 77.9 105 0.23862 0.04391 0.03020 0.00113 0.00938 0.00055 192+7  0.74

10 68.0 94.8 0.31530 0.02649 0.03174 0.00081 0.00970 0.00068 201+5  0.72

11 111 139 0.29009 0.01961 0.03217 0.00068 0.01015 0.00058 204+4  0.80

13 170 277 0.23970 0.01582 0.03246 0.00073 0.01060 0.00046 206+5  0.62

14 135 154 0.18359 0.03399 0.02774 0.00075 0.00880 0.00074 176+5  0.87

15 337 308 0.21190 0.03824 0.02921 0.00126 0.00983 0.00085 1868  1.09

16 107 117 0.29300 0.06700 0.02966 0.00114 0.00898 0.00045 188+7  0.91
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Fig.3 CL images of the zircon from rhyolite in Jiangqiao area
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Fig.4 U-Pb concordia diagram of rhyolite in Jianggiao area
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Table 2 Major element (%) content of rhyodacite in Jiangqiao area

K D0600 D0600 DO0600 D0600 DO0600 D0600 DO0600 D0600 DO0600 D0600 DO0600 D0600 DO0600 D0600
9T -2-2 -3-1 -4-1 -5-2 -6-1 -7-1 -8-1 -10-1~ -12-1  -13-1  -17-1  -19-1 -21-1 -25-2
Si0O, 73.40 73.02 7351 73.01 7350 70.16 7231 7166 7212 7195 7277 7345 7248 72.02
TiO, 0.39 0.39 0.39 0.40 0.38 0.43 0.42 0.42 0.42 0.42 0.41 0.40 0.45 0.42
ALO; 13.08 13.61 1354 13.70 13.80 1449 13.74 1420 13.73 13.75 13.58 1334 1333 1455
Fe,0s 3.44 2.99 2.76 291 2.85 3.76 3.48 3.58 3.36 3.58 3.36 3.22 3.33 3.15
FeO 0.53 0.37 0.74 0.10 0.10 0.21 0.25 0.11 0.14 0.18 0.21 0.14 0.13 0.11
MnO 0.04 0.04 0.04 0.04 0.04 0.05 0.04 0.05 0.04 0.06 0.05 0.05 0.04 0.04
MgO 0.25 0.29 0.14 0.24 0.20 0.69 0.11 0.18 0.16 0.17 0.13 0.15 0.19 0.15
CaO 0.48 0.42 0.37 0.37 0.36 0.39 0.34 0.33 0.38 0.36 0.35 0.34 0.37 0.33
Na,O 4.79 4.06 5.00 3.66 4.37 2.49 4.78 4.51 4.40 4.14 4.58 4.55 4.01 3.77
K,O 2.74 4.02 2.75 4.46 3.18 5.7 4.05 4.29 4.64 4.61 4.06 3.73 4.63 4.09
P,Os 0.04 0.03 0.03 0.03 0.02 0.06 0.03 0.03 0.04 0.03 0.02 0.02 0.02 0.03
H,O' 0.66 0.72 0.63 0.87 0.89 0.86 0.52 0.55 0.42 0.69 0.49 0.46 0.67 1.04
H.Or 0.20 0.19 0.24 0.39 0.40 0.21 0.17 0.27 0.23 0.28 0.23 0.20 0.24 0.34
CO, 0.12 0.12 0.12 0.06 0.06 0.18 0.06 0.06 0.12 0.12 0.06 0.06 0.06 0.06
S 0.73 0.69 0.63 1.03 1.14 1.49 0.44 0.61 0.54 0.71 0.45 0.57 0.86 1.29
z 9991 9993 9990 9995 9994 9992 9999 9996 9997 99.96 9997 99.96 99.84  99.94
ALK 7.53 8.08 7.75 8.12 7.55 8.19 8.83 8.80 9.04 8.75 8.64 8.28 8.64 7.86
A/CNK 1.63 1.60 1.67 1.61 1.74 1.69 1.50 1.56 1.46 1.51 1.51 1.55 1.48 1.78
NK/A 0.58 0.59 0.57 0.59 0.55 0.57 0.64 0.62 0.66 0.64 0.64 0.62 0.65 0.54
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Fig.5 TAS diagram (after Irbine et al., 1971 ; Middlemost, 1994) and SiO,—K,O diagram (after Richwood, 1989) for Trhyolite in
Jiangqiao area
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Table 3 Trace and rare element (10°°) content of rhyodacite in Jianggiao area
FE b D0600 D0600 D0600 D0600 D0600 DO0600 D0600 D0600 D0600 D0600 D0600 D0600 DO0600 DO0600
ikl -2-2 -3-1 -4-1 -5-2 -6-1 -7-1 -8-1 -10-1  -12-1  -13-1  -17-1  -19-1 -21-1 -25-2
La 3489 4124 4446 48.02 2225 1941 1630 30.78 34.42 2378 30.62 23.07 3476 43.55
Ce 66.12  79.60 86.33 97.75 44.08 43.10 3330 56.66 66.01 47.61 6034 50.26 6847 87.59
Pr 9.44 10.64 11.75 1146 6.16  4.83 5.08 9.39 9.40 6.58 8.11 5.76 838 10.93
Nd 36.10 38.03 4349 40.89 2342 18.01 20.60 3581 3583 2442 3037 21.62 31.02 40.11
Sm 7.63 7.59 8.48 7.75 4.71 4.30 4.85 6.61 7.02 5.08 5.40 4.13 5.54 7.19
Eu 1.16 1.22 1.04 0.98 0.63 0.74 0.57 0.74 0.76 0.74 0.63 0.49 0.62 0.76
Gd 6.51 6.00 6.79 5.88 3.18 4.19 3.03 4.82 5.42 3.93 4.00 3.01 4.33 5.31
Tb 1.00 0.91 0.96 0.88 0.44 0.89 0.43 0.62 0.80 0.59 0.49 0.37 0.53 0.65
Dy 5.68 4.92 4.93 5.19 2.43 6.60 2.36 3.09 3.84 3.17 2.27 1.84 2.59 3.29
Ho 1.14 0.97 0.97 1.00 0.54 1.40 0.46 0.60 0.77 0.63 0.44 0.34 0.49 0.60
Er 3.60 3.14 3.08 3.28 1.87 4.08 1.53 1.93 241 1.95 1.50 1.14 1.60 1.94
Tm 0.60 0.51 0.51 0.57 0.34 0.67 0.28 0.32 0.37 0.31 0.23 0.19 0.26 0.32
Yb 4.24 3.72 3.32 3.65 2.44 4.32 1.92 2.11 2.62 2.12 1.73 1.35 1.84 2.18
Lu 0.68 0.58 0.55 0.55 0.39 0.66 0.29 0.35 0.42 0.31 0.29 0.24 0.28 0.34
Y 2873 25777 2394 27.03 1486 40.04 12.00 1544 21.12 16.82 11.34 9.64 13.11 16.12
YREE 207.51 224.83 240.61 254.87 127.73 153.24 103.00 169.27 191.20 138.03 157.77 123.45 173.82 220.88
YLREE 15533 178.32 195.55 206.85 101.25 90.39 80.70 139.99 153.44 108.20 135.47 105.33 148.80 190.12
>XHREE 52.18 4651 45.06 48.02 2649 62.85 2230 2928 37.76 29.82 2229 18.12 25.02 30.76
YLREE/ZHREE 2.98 3.83 4.34 431 3.82 1.44 3.62 4.78 4.06 3.63 6.08 5.81 5.95 6.18
oEu 0.49 0.53 0.41 0.43 0.47 0.53 0.42 0.38 0.37 0.49 0.40 0.41 0.38 0.36
oCe 0.86 0.89 0.89 0.97 0.89 1.04 0.87 0.80 0.87 0.90 0.90 1.02 0.94 0.94
(La/Yb)x 5.55 7.47 9.02 8.88 6.14 3.03 5.72 9.85 8.86 7.58 1193 11.50 12.77 13.50
(La/Sm)x 2.88 3.42 3.30 3.90 2.97 2.84 2.12 2.93 3.08 2.95 3.57 3.52 3.95 3.81
(Gd/Yb)x 1.24 1.30 1.65 1.30 1.05 0.78 1.27 1.85 1.67 1.50 1.86 1.79 1.91 1.97
Zr 404 419 418 417 405 466 440 432 437 445 433 420 429 459
Zn 58.6 59.0 36.2 51.1 349 47.7 443 34.6 34.1 44.7 31.1 355 354 30.0
\Y 14.8 16.5 59 13.6 11.5 17.4 9.9 9.9 9.5 11.8 8.7 12.6 8.8 7.5
Th 7.05 9.25 7.05 9.25 9.00 7.52 4.80 6.17 8.64 7.07 5.34 3.73 4.34 10.6
Sc 4.90 3.10 4.30 3.40 4.50  4.20 390 470 5.10 4.10 3.80 3.70 3.20 3.90
Sr 133 93.9 115 109 100 118 112 117 145 128 97.2 89.8 101 111
Rb 83.0 111 74.2 134 81.9 189 97.6 123 137 146 103 92.7 118 106
Ni 5.00 4.10 3.30 2.90 320 450 390 430 4.20 4.00 3.40 3.50 2.80 4.10
Nb 16.9 16.2 16.6 15.7 15.3 18.5 15.8 16.1 15.5 16.3 15.5 15.5 15.5 16.6
Cu 9.7 9.0 8.0 6.8 6.6 6.4 72 6.9 10.1 8.2 8.6 8.4 5.6 7.8
Cr 19.8 15.6 9.00 8.60 13.6 7.30 10.4 16.5 18.9 13.4 15.3 242 12.0 133
Co 4.60 5.90 5.60 5.20 4.20 5.70 4.80 5.20 4.60 5.60 5.10 4.80 4.10 3.90
Ba 872 1200 492 558 428 576 498 361 324 689 337 478 324 285
Hf 24.1 20.9 20.1 15.3 12.6 12.3 13.8 11.9 9.9 11.7 12.1 12.4 14.4 12.3
Ta <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Cs 4.90 3.10 4.30 3.40 450 420 390 470 5.10 4.10 3.80 3.70 3.20 3.90
U 2.67 2.68 1.66 291 2.35 2.39 1.65 1.84 1.75 2.31 0.87 0.95 1.27 2.41

LREE/HREE 4} T 1.44~6.18., (La/Yb)x } 3.03~13.5,
IR 8.7, A ERAL A PRI 1 e R LA
(& 7a) 2B B A Rk X, S AR X 5 3t
BB EE RER RO R, K E
i 143 5255 (Gd/Yb) M 0.78~1.91, 8 + 22 [8] 1Y
Iy 5 bW (La/Sm)s A 2.12~3.95, 3 REE/
Y HREE=2.98~4.34, Fifi A /AR B A0 A% ;

SEu 7 0.36~0.53, V-394 0.43, EL A7 %5 1) Eu

BT RAE R A, FEIR izﬁi&@%/ﬁ%é@ﬁ-‘ﬁ@ﬁ%‘%
PRI (& 7b) 1 7R ,Rb . Th La,Ce Zr 55 K & 13
AICREMIXT &4, Sr P Ti HiXT 541, Rb &k 74.2%
10°~189x10°°, Sr 47 89.8x10 °~145x10°,Y 2 11.34x
10°~40.04x10"°,Rb/Sr HLAE 4 0.62~1.23, = T E -
W FE - IE B RS, 1997) 28 Bk, A
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Fig.9 Major element tectonic setting discrimination diagrams and trace element tectonic environment discrimination diagrams for

rhyolite in Jiangqiao area (after Maniar et al., 1989 ; Pearce,1996)
TAG—TIsland arc granite; CAG—Continental Arc Granite; CCG—continent collision granite; POG—Post—orogeny granite;
RRG—Granitoids related to rifts; CEUG—Granites related to continental uplift; S~ COLG—Syn—collisional ; VAG—Volcanic arc granite;
WPG—Within plate; ORG—Ocean ridge granite

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



H46% o B EA EAF  TEL VY B e R VRV AR 2 A R L i R 1281
i 3
R=48i-11(Na+K)-2(Fe+Ti) R

2000F  R.=Al+2Mg+6Ca

1000[ 3

7

o 1 L LR
0 1000 2000 3000

K110 VIS DX TREUS Ri—Ro M 38 PR 31 1 it (s
Batchelor et al., 1985)
1—Hb 3 S R AL I 2 5 2— AR IR B T AL B 5 3— AR B 1y
TER# 4t L A R 5
S LI R s 6— IRl AL B s 7— 38 LU S e G A
Fig.10 R,—R; discrimination diagrams showing the tectonic
settings of rhyolite in Jiangqiao area (after Batchelor et al.,
1985)
1—Mantle departure granite ; 2—Pre—collision granite;3—Post—plate
uplift granite;4—Late orogeny granite; 5S—Nonorogenic granite; 6—

Syn—collision granite; 7—Post—orogeny granite

PR S8 B, AR 7R T B S M e (] 75 5 P Pl 1
TS DX A A5 R

7 45 1w

(1) JE P VT b DX P30 0] 21 9 80 45 A1 U-Pb
G037 Z AR H 196~198 Ma, 22 Bi% K 1L TE AR
SRR AR R R A i = et AN T
TZHBIX AR A 20 b s s HA A L —DTRR e SR

(2) TE VG YT i X P 4L i 8UA BT A RIAE
b 2 R ARRAE 2 R T Y VT AR 3 4 15 1 A 6 i
VBRI YR T 2R LS A ) 0

(3) P T VI — i R S Al A o
FERI, FE TR E — A A Ak
F14) TR0 2 A7 B Ak, A i T 7 T DXy B 0T b
{14 I 25 7 410 % T VG T TR 68 YT L DX D S A o T
LLLE TR B Tl SR AL T3 A ARHRE , 4 DT ) S48 15 e ]
TETZMb X S 25 TR st TR T Rk LR 2 i

i A TR T ZEEHTAET R
REHFEERNEE ER AEEENH I, X
EREVRIATZHAHAAEHA R T HHF
RERIARTNER IFFERXTABRXHREE
HBREN, £l — IR R RO By R

@ A7 23 RE R, ok Aok, 5K A 1, 5K 5, B9 PR 2R . 2000. =G 1:
50000 A VFIR B PTARE 25 TSR | B B X I A A 4R 4

References

Altherr R, Holl A, Hegner E, Langer C, Kreuzer H. 2000. High—
potassium,calc— alkaline I— type plutonism in the Euro— pean
Variscides: Northern Vosges (France) and northern Schwarzwald
(Germany) [J]. Lithos, 50:51-73.

Batchelor R A, Bowden P. 1985. Petrogenetic interpretation of
granitiod rock series using multicationic parameters [J]. Chemical.
Geology, 48(1): 43-55.

Boynton W V. 1984. Rare earth element geochemistry Volume 2 ||
Cosmochemistry of the rare earth elements: Meteorite studies[J].
Developments in Geochemistry, 63—114.

Bureau of Geology and Mineral Resources of Yunnan Province. 1990.
Yunnan Regional Geology[M]. Beijing:Geological Publishing
House, 80—200.

Deng Jinfu, Luo Zhaohua, Su Shangguo. 2004. Petrogenesis, Tectonic
Setting and Mineralization[M]. Beijing:Geological Publishing
House, 40—120.

Gu Yuchao, Chen Renyi, Jia Bin, Song Wanbing, Yu Changtao, Ju
Nan. 2017. Zircon U— Pb dating and geochemistry of the
syenogranite from the Bianjiadayuan Pb—Zn— Ag deposit of Inner
Mongolia and its tectonic implications[J]. Geology in China, 44(1):
101-117(in Chinese with English abstract).

Harker A. 1909. The Nature History of Igneous Rocks[M]. London:
Methuen, 783-968.

He Keshao, He Haosheng, Cai Hongbiao. 1996. Formation and
Evolution of the Western Yunnan Orogenic Belt[J]. Geological
Review, 42(2):97—106(in Chinese with English abstract).

He Keshao, Zhao Chonghe, He Haosheng. 1996. Continental Rift and
Orogenic Processes West of Yunnan[M]. Wuhan:China University
of Geosciences Press, 10—114.

Trvine T N, Baragar W R A. 1971. A guide to the chemical
classification of the common volcanic rocks[J]. Canad. J. Earth.
Sci., 8(5):523-548.

Kou Linlin, Zhong Kanghui, Tang Juxing, Liu Zhaochang, Dong
Shuyi, Xie Bo. 2009. Geochemistry discrimination of Late Triassic
volcanic rocks in Changdu— Simao tectonic zone[J]. Northwestern
Geology, 42(1):79—87 (in Chinese with English abstract).

Li Xingzhen, Liu Wenjun, Wang Yizhao. 1999. Tethys Tectonic
Evolution and Mineralization in the Sanjiang area of Southwest
China[M]. Beijing:Geological Publishing House, 1-276.

Liu Benpen, Feng Qinglai, Fang Nianjiao, Jia Jinhua, He Fuxiang.
1993. Tectonic evolution of Palaco— Tethys Poly—Island—Ocean in

Changninng— Menglian and Lancangjiang Belts, southwestern

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



1282 th [

b, J 20194F

Yunnan,China[J]. Earth Science— Journal of China University of
Geosciences, (5):529—539 (in Chinese with English abstract).

Liu Zengqgian, Li Xingzhen, Ye Tongqging. 1993. Division and
Distribution of Tectonic Magmatic Belts in Sanjiang Area of
China[M]. Beijing: Geological Publishing House, 1-246.

Maniar P D, Piccoli P M. 1989. Tectonic discrimination of
granitoids[J]. Bulletin of the Geological Society of America, 101:
635-643.

Middlemost E A K. 1994. Naming materials in magma— igneous rock
system[J]. Earth Sci. Rev., 37:215-224.

Mo Xunxue, Lu Fengxiang, Shen Shangyue, Zhu Qinwan, Hou
Zenggqian. 1993. Sanjiang Tethyan Volcano and Mineralization[M].
Beijing: Geological Publishing House, 7—177.

Mo Xuanxue, Shen Shangyue, Zhu Qinwen. 1998. Ophiolite and
Metallogeny in Sanjiang South Section of Volcano Rock[M].
Beijing: Geological Publishing House, 5—46.

Pearce J A. 1996. Sources and setting of granitic rocks[J]. Episodes, 19
(4):120—125.

Peng Touping. 2006. The Triassic Post—collisional Magmatism for the
Southern Lancangjiang Tectonic Zone, Southwestern China:
Petrogenesis and its Tectonic Implications[D]. Beijing:the Graduate
School of the Chinese Academy of Sciences, 20—40 (in Chinese
with English abstract).

Richwood P C. 1989. Boundary lines within petrologic diaframs which
use oxides of major and minor elements[J]. Lithos, 22:247-263.
Sun S S, McDonough W F. 1989. Chemical and isotopic systematics of
oceanic basalts: Implications for mantle composition and
processes[J]. Geological Society London Special Publications, 42

(1):313-345.

Sun Zhuanrong, Dong Guochen, Zhao Zuoxin, Wang Weiqing, Liu
Shenggiang. 2017. Petrological, geochemical and geochronological
features of Lailishan ganitoids in western Yunnan and their genesis
of partial melting of crustal soure[J]. Geology in China, 44(6):
1140—1158(in Chinese with English abstract).

Sylvester P J . 1998. Post-collisional strongly peraluminous granites [J].
Lithos, 45:39-44.

Tan Fuwen, Pan Guitang, Wang Jian. 2001. Devonian—Triassic Basin—
Range Transformation and The Tectonic Evlution of Paleo— Tethys
in Western Yunnan. China[J]. Journal of Mineralogy and
Petrology, 21(3):179—185(in Chinese with English abstract).

Tian Yinggui, Hu Peng, Wang Chengping. 2006. The establishment of
lower Jurassic Jiukang Formation in South Lancangjiang
Tectonicmagmatic zone[J]. Yunnan Geology, 25(1):63— 69 (in
Chinese with English abstract).

Wang Shuo. 2011. Petrological, Geochemical, Geochronologicai
Characteristics and their Tectonic Significance of Triassic Volcanic
Rocks in Southern Lancangjiang Zone[D]. Beijing: China
University of Geosciences (Beijing), 12— 33(in Chinese with
English abstract).

Wang Shuo, Dong Guochen, Mo Xuanxue, Zhao Zhidan, Zhu
Dicheng, Kong Huilei, Wang Xia, Nie Fei. 2012. Petrological and
geochemical characteristics, Ar— Ar geochronology study and their
tectonic significance of Triassic volcanic rocks in southern
Lancangjiang zone[J]. Acta Petrologica Sinica, 28(4):1148— 1162
(in Chinese with English abstract).

Wu Yuanbao, Zheng Yongfei. 2004. Genetic mineralogy of zircon and
its constraints on the interpretation of U— Pb age[J]. Chinese
Science Bulletin, 16:179—-185.

Yan Shengwu, Bai Xianzhou, Wu Wenxiang, Zhu Bing, Zhan
Qiongyao, Wen Long, Yang Hui, Wang Yuting. 2017. Genesis and
geological implications of the Neoproterozoic A—type granite from
the Lugu area, western Yangtze block[J]. Geology in China, 44(1):
136—150(in Chinese with English abstract).

Zhang Hu. 2005. Yunnan South Lancangjiang Tectonic Magmatic Belt
of Early Jurassic Volcano Rock after Collision[D]. Kunming:
Kunming University of Science and Technology, 1—50.

Zhang Caihua, Liu Jishun, Liu Deli, Yang Song. 2006a. Geological,
geochemical characteristics, age and tectonic setting of Laomaocun
small rockbody in south Lancangjiang Zone, western Yunnan
Province[J]. Acta Petrologica et Mineralogica, 26(3):317—324 (in
Chinese with English abstract).

Zhang Caihua, Liu Jishun, Liu Deli. 2006b. Geological and
geochemical characteristics and tectonic setting of Triassic
volcanic suite in Guanfang area along South Lancangjiang belt[J].
Acta Petrologica et Mineralogica, 25(5):377—387 (in Chinese with
English abstract).

Zhang Qi, Wang Yan, Li Chengdong, Wang Yuanlong, Jin Weijun, Jia
Xiugin. 2006. Granite classification on the basis of Sr and Yb
contents and its implications[J]. Acta Petrologica Sinica, 22(9):
2249-2269(in Chinese with English abstract).

ZhangQi,Jin Weijun,Li Chengdong,Wang Yuanlong. 2010a. Revisiting
the new classification of granitic rocks based on whole—rock Sr
and Yb contents: Index [J]. Acta Petrologica Sinica, 26(4):985—
1015(in Chinese with English abstract).

Zhang Qi, Jin Weijun, Li Chengdong, Wang Yuanlong. 2010b. On the
classification of granitic rocks based on whole—rock Sr and Yb
concentrations III: Practice [J]. Acta Petrologica Sinica, 26(12):
3431-3455 (in Chinese with English abstract).

Zhang Qi, Ran Gao, Li Chengdong. 2012. A—type granite: What is the
essence?[J]. Acta Petrologica et Mineralogica, 31(4):621— 626(in
Chinese with English abstract).

Zhang Qi. 2013. The criteria and discrimination for A—type granites:A
reply to the question put forward by Wang Yang and some other
persons for “A— type granite:What is the essence?"[J]. Acta
Petrologica et Mineralogica, 32(2):267— 274(in Chinese with
English abstract).

Zhou Jianxiong, Chen Jianyu. 2007. Study on Cathodoluminescence of
Zircon by Electron Probe[M]. Chengdu: University of Electronic

http://geochina.cgs.gov.cn H1E LT, 2019, 46(6)



5546 % i 6 ]

B A P 1 TRV T T I e A R 2 A L ) A 1283

Science and Technology Press, 32—38.

Zhong Daben. 1998. Palaco— Tethys Orogenic Belt West of Yunnan
and Sichuan [M]. Beijing:Science Press, 56—167.

Zhu Qinwen, Shen Shangyue, Yang Kaihui, Xu Yingxi. 1991.
Tectono—Magmatic types of volcanic rock in Lancangjiang belt,
and evolution of tethys[C]//Contribution to The Geology of The
Qinghai—Xizang (Tibet) Plateau. Beijing: Geological Publishing
House, 125—140 (in Chinese with English abstract).

Zhu Qinwen, Zhang Shuangquan, Tan Jin. 1998. Geochemical
evidence of volcanic rocks for determining the south Lancangjiang
Suture Zone[J]. Acta Petrologica et Mineralogica, 17(4):298—307
(in Chinese with English abstract).

Zhu Qinwen, Zhang Shuangquan, Tan Jin. 1999. Magmatic genesis of
volcanic rocks of southern Lancangjiang convergent margin—
magmatism about ocean ridge, ocean island and island arc[J].
Geoscience, 13(2):137—142 (in Chinese with English abstract).

Zou Guangfu, Lin Shiliang, Li Zaihui, Cong Feng, Xie Tao. 2011.
Geochronology and geochemistry of the Longtsng in the Lianghe
are,western Yunnan and its tectonic implications[J]. Geotectonica
et Metallogenia, 35(3):439—451(in Chinese with English abstract).

Bt F 32 5 25 3L

XS A, B RAAE, FRNGE . 2004, F A A A ISR S R 1E M.
65T H T A, 40—-120.

B, A S, B, RT IS, A2 B, B . 2017, NS KB
HVRFER T IRIRES IEA AL R A AR A0 IR AW IR (], P [l
I, 44(1): 101-117.

f[RHEA, TS A, ZRZ0A. 1996, TP 1 1LLIAHT (19 JE iS5 TR fR [T, BT
£, 42(2):97-106.

fIRHA, RS, AR . 1996, TP N 44 S5 1 ILPE - M), 2
e ] |l T2 A, 10-114.

SRR, Bl REE, A, NS, T X, fifdk . 2009. S #—E
T I = TR PRBE 14 KL R A AR [T]. PR, 42
(1):79-87.

ZENLR, XIS, TSCEE L 1999, P RS = VT b DX AR T AL 28 YAk
MY b i, 1-276.

XUAKE, W PR, T, SilkAE, MAEAF . 1993, E AR B T—fif
R VR VAT TR 30 22 1 VAR 3 TR [T]. HhIskFL2F, (5):529—
539.

X AN [ P 1993, = YT HE DR 3 45 5 R4 5
AR FLER M. db st R, 1-246.

FUEE, BEXE, Tk b, AR B0, . 1993, VTR OILPE
JHS G (MY, b st kL, 7—177.

TR, U M, R EISC. 1998, = VLA R B ok Ll A — I A 5
B [M]. QLT AR AL, 5—46.

B3I 2006, IR TLRIH = & LR E A AR A A A
15 X [D). Jbnt: ERE BRI AR BE, 20—-40.

INEE R, HE B, BT, ARV, X260k, 2017, EFER AL AL 2
AEAR 2 M ERAE A RRAE B A2 IR 3 il ol L[], vl e b T, 44
(6):1140-1158.

TR S W EESE, T8, 2001 PR 48— =B A - 1Nt i S
FEER TR AR )], A, 21(3):179—185.

FHOBE 5, SIS, 7R . 2006, 5 78 TTAR & 5 230 T R 2 G0 ik e 4l
RYHEN[J]. LI, 25(1):63-69.

T 2011, SR VLR B0 KA A A i ERTEAE ARCA s
i B Hopby s i X (D], Jb st B R K (L ET), 12-33.

AR, HE L, SR, AP, A, fLSs R, TR R 2012.0

5 B TE ST AR, 28(4):1148—1162.

STCAR, HK K. 2004, BEAT TP 2T SR U—Pb 4 i i
PTIZI]. Bha R, 16:179-185.

TETE, FEIKES, ASrAe, WREE . 2013, TG A BIAE R A i S l—— 5 5K
TSR S RIHEL]. A W a2, 32(2):261-266.

Bl2ta, FoE, (0SOM, 0=, B, SOk, B, TEE. 2017. 4
T PG S AR T A TRAE i B 5 R R A e i 0],
rFE MU, 44(1):136—150.

A HL BT )R . 1990. 2 FE A8 DX Ml Ak (M. 65T b ST D iR
#t, 80—200.

k% . 2005, 2 T T I VR VIR 3 A O R0k 1 S G AR L A
FE[D]. BB EEIAEE T K2, 1-50.

TR AR, XILEI, XUAEF], A . 2006a. TE PG R 1R V1A 2 BRIV
T R AL 2 RRAE B B AR 5 40 3 38 S [T]. 07 12 4k, 26(3):
317-324.

TR, XK, XIFEF] . 2006b. B PG FE I TIAT B I =840k
UL Hi o MR A AR E SIS AR [T]. 4R, 25(5):377-387.

TR, TG, 2RI, Toode, MR, B155 5. 2006. 1419 St—Yb
G32 B MBS R L[T]. A A 2E ], 22(9):2249-2269.

TRIHE, 4R, ZRAR, FITIE . 2010a. FEIEAE K A5 M Sr—Yb Y43
s AR, AR, 26(4):985-1015.

TRHE, AR, 25K 2R, TIE . 2010b. =iE4E 5K 515 I Sr—Yb A 43
25 R A AR, 26(12):3431-3455.

SR, PRI, 22K . 2012, A BIAE 2 0 SE R AT A0 A AT
IR, 31(4): 621-626.

SRIEE. 2013, A A 5 A A AR A AT ——Se RV E R AR X A B AE 4
BT A W RE)]. F A P2, 32(2):267-274.
JEEUIE, BREET:. 2007, HLFHREE T 85 A B A OG A SE [M]. B

TR 2 Rk, 32-38.

BT . 1998 W PUHS R i LA (M. dbat b b ke, 56—
167.

RENSC, b M, TR, BRI 1991, BRIV SO AR -
I 5 R T A [C L/ Mo b 5 SC 4 . U T . S M AL,
125-140.

R, SRAAE, 1A . 1998, Bl w70 V148 A5 1 Kk Ll 5 sk Ak
SRR, A AT E AR, 17(4):298-307.

KRB, KR4, R . 1999, BRI TTE5 A L H SRR ——
WS SICARAE R MR, BUCHBIR, 13(2):137-142.
AR, MREE R, 25 P, DA, . 2011, JECP Il 3 46 B 2 4
LA—ICP—-MS % £1 U—Pb 4FAR22 R 0 1 7 SC[T]. KA 5 1

B 2%, 35(3):439-451.

http://geochina.cgs.gov.cn H1EHLET, 2019, 46(6)



